NOTICE:  VJhen  government  or  other  dravings,  speci- 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  fonmilated,  furnished,  or  in  any  way 
supplied  the  said  dra^rings,  specifications,  or  other 
de.ta  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  ri^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 
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ALLOCATION  OF  IMDIRECT  COSl^* 

I.  INTRODUCTION 

STAmiENT  OF  THE  PROBLEM 

Manufacturing  cost  accounting  procedures  usually  provide  for  relating  all 

operating  costs  of  the  firm  to  the  specific  end  products  or  services  which  the 

firjn  produces.  For  example,  if  a  firm  nanufacturea  two  products  x  and  y,  cost 

accounting  would  normally  provide  for  accumulating  the  direct  labor  and  material 

cost  incurred  in  the  production  of  x  and  y.  In  addition,  it  would  also  provide 

for  distributing  x  and  y's  estimated  pro-rata  shares  of  manufacturing  overhead 

(burden)  and  possibly  general  administrative  and  selling  expenses  to  the  end 

products,  X  and  y.^  Ihua,  in  the  final  analysis  all  the  operating  costs  of  the 

firm,  Including  the  cost  of  "Indirect"  or  "supporting"  activities,  are  treated 

as  being  attributable  to  the  end  products. 

A  similar  situation  is  sometimes  found  in  the  realm  of  government.  For 

example,  a  certain  governmental  department  or  agency  may  engage  in  several  end 

product  (or  service)  activities;  and  for  budgeting  and  accounting  or  other 

purposes  the  agency  may  wish  to  relate  all  its  operating  costs,  including  so- 

2 

called  "indirect"  costs,  to  the  end  product  activities.  This  is  particularly 


*  Ihe  author  ia  very  much  indebted  to  H.  Itorkowitz  and  R.  T.  Nichols  of 
'Ihe  RAND  Corporation  for  helpful  comments,  criticisms,  and  suggestions. 

1  J.  J.  W.  Neuner,  Cost  Accounting  Principles  and  Practices  (Chicago: 

R.  D.  Irwin,  Inc.,  194S)7  PP^  3/ 22'7. 

2  In  the  case  of  economic  plannings  for  multiple  purpose  projects  (e. g. , 
projects  like  TVA),  attengjting  to  all<>cate  costs  to  the  end  product”"activ- 
Ities  may  not  be  a  desirable  or  even  correct  procedure,  parbicularly  where  true 
Joint  costs  ore  Involved.  For  a  good  discussion  of  this  point  see  Joseph  S. 
Ransmeir,  lite  Tennessee  Valley  Authority:^  A  Case  Study  in  the  Economics  of 
?'Iultiple  Purpose  Stream  Planning  (Vanderbilt  University  lYess,  1942).  iSi” 
present  paper  is  concerned  only  with  those  cases  where  cost  allocation  is 
deemed  appropriate. 
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true  if  the  govemaentel  unit  In  question  Is  opemtlng  in  aocordsnce  with  the 
principles  of  true  perfoxvence  budgeting. 3 

Stated  very  briefly,  the  present  paper  is  concerned  with  a  solution  (not 
the  only  solution)  to  the  cost  distribution  problea  that  arises  when  the, 
operating  costs  of  interdependent  indirect  ("siipport"}  aotivitles  are  to  be 
allocated  to  end  product  ("direct")  activities. 

A  slaple  iUiietrative  eaanple.  In  order  to  pose  the  problea  in  an  explicit 
■anner,  a  slaple  Illustrative  enable  aay  be  helpful.  Consider  a  system  which 
is  oospoeed  of  three  st^port  ("indirect")  aetlvites  and  two  end  product  activi¬ 
ties.  Bach  of  the  three  support  activities  furnishes  services  to  every  other 
activity  in  the  systsa  (including  itself).  The  two  end  product  activities  for 
all  practical  purposes  aay  be  assiaad  independent  of  each  other  and  nay  be 
assumed  to  furnish  no  services  to  the  support  activities.  In  other  words  the 
end  product  activities  are  true  "end-itea"  operations  and  the  stqpport  activities 
exist  solely  for  the  purpose  of  servicing  the  end  product  activities ,’^'altbouidi 
in  the  process  of  doing  so  they  in  fact  support  each  ether.  Tils  scbeae  of 
things  aay  be  dlagraaed  as  shown  in  Figure  1,  idiere  activities  1,  2,  and  3  are 
"suppoi^/'  and  activities  h  and  5  "end  product." 


3  1  erformanoe  bud-rtlrg  Is  discussed  In  tl.e  Hoover  ToihdIssIoi:  report 
■Md^^tifif;  and  .Accounting,  A  Report  to  the  Contxess.  i’ebruary  he 

following  passage  from  this  report;  conveys  the  general  idea  of  perfomar'e 
cudgeting:  "  >\ich  an  approach  would  focus  attention  upo;.  the  eneral 
ciiaracter  and  relative  laportance  of  the  work  to  be  done,  or  upon  the  ser'rlce 
to  be  rendered,  rather  than  upon  tne  tuin?^  to  be  acquired  such  as  personal 
services,  supplies,  equipment,  and  so  or.  ”lieae  latter  objects  are,  ai'ter 
all.  only  tne  means  to  an  end.  fne  ail-iisportant  thing  in  bud»retlng  Is  the 
work  or  the  service  to  be  accoirpllsned,  and  w.iat  that  work  or  8e.*vlce  will 
cost. "  ( Ibid. ,  p.  S. ) 


Hw  problM  with  irtileb  the  present  pspsr  Is  eoDcemsd  asy  now  be  stated 
very  slaply  end  explicitly.  The  problea  Is  te  allocate  the  operating  costs  Xi, 
Xg,  Xj  to  activities  and  5.  taking  late  account  Inter-actlvlty  flews  as 
Ulttstrated  la  Figure  1. 

MEIBOD  OF  30LIJn0lf 

Apparently  few  present-day  cost  accountants  would  be  so  bold  as  to  deny 
that  aost  cost  allocations  are  fairly  arbitrary.  In  general  they  aust  be  some¬ 
what  arbitrary  because  of  the  nature  of  the  problem  and  also  because  the  "cost 
of  cost  accounting"  can  rapidly  becoae  prohibitive.  Carried  to  extreme,  a 
fin  could  spend  aost  of  Its  tlae  "pushing  paper"  and  have  very  little  tlae  for 
production.  Even  then  all  of  the  arbitrariness  could  not  be  eliminated. 

Ihe  cost-allocating  proesdure  set  forth  in  this  paper  Is  recognised  as 
being  sosHwhat  arbitrary.  Accordingly,  It  is  prt^sed  as  a  solution  to  the 
problea  and  not  the  solution.  Potential  users  of  the  technique  aust  consider 
carefully  the  asswvtlons  built  Into  the  aodel.  (These  are  discussed  In  the 
next  section. )  If  the  assuaptloos  arc  excessively  at  variance  with  the  condi¬ 
tions  of  the  particular  problea  under  consideration,  then  the  aodel  nay  oe 
Inappropriate,  -hat  is  "excessive"  In  an2'  specific  case  must,  of  course  be 
determined  largely  by  trie  iud^cnent  of  the  person  making  the  study. 

Ihe  neait  of  the  problem  as  formulated  above  stems  from  the  condition 
of  interdependence  aaong  tne  s’jpport  activities.  Iherefore,  any  proposed 
solution  aust  in  some  oaarer  take  this  simultaneous  Interaction  l.nto  accour.t. 
"Ihe  method  set  forth  In  this  memorandum  deals  w.tn  the  interdependence  amonr 
support  activities  in  one  of  the  simplest  possible  ways;  throu^lh  the  use  of 


i-i-ll 


a  system  of  $*laui.taneou8  linear  equations*^ 

'■'I'.iy  o>i?-  thin.;  nc-oa  he  krown  ;)efore  the  proposed  coat  allocetlo.'''  nx-ij'od 
call  he  used,  "or  each  support  activity  (l,  2.  and  3  ir^  l),  aon»- 

notion  of  the  fraction  of  the  support  activity's  total  effort  which  v>-.z 
to  r.aoh  of  tiic  other  activities  diu'iny  tr.e  •ccoiuitjefe;  p-?riod  ardor  conslaor- 
ation  oi'cat  ha  o«de  available,  '.■'o  uok^  clea.'*  what  Is  meai-t  hy  tuls,  J.r 
denote  t.ift  fraction  of  the  effort  of  sctlvicy  j  y.oir.e:  co  activ;  ;y  l  -nc-J 
the  perl«>a  Older  co-ialderatloc.  7cer  for  activity  1,  for  exaiuol-, 

•  fractio..  of  activity  I's  effort  ua*'d  to 
"supi-orc  ‘  itself 

of  actlvi  •  i's  e.Tor*  wf.U-h 
went  to  ac'ilvif'  f 


S.j  *  ‘‘rActiot,  of  a-tivit  ■  i's  e.'fort  wrl; 
wen*  to  activi,.j  '  , 


wt.ere  3^  •  * 


♦  Sc-,  .  1. 


iniiarly,  for  sjppor  S'  ^1- i*fea 
and  1  we  nave  .••espeotive.:*,  s^..  *  a.,  ♦  3^  ♦  •''>,2  ♦  sc,.  .  i,  ac  s,^  ♦ 

*  5^3  ♦  =5-3  ♦  3j3  *  j- 

"ne  osMnates  of  'ho  ca-  c.*  us  'Coi  cr  tad  .is  lo-ni  ■■  .-/ij •. jo- c  *«.  ' 
^le'  fc  pf.r  ic'.*iar  apj)l  J c^i .  i Of  •  J^va  ‘*roc  tt  i  an  t  *  r  **r 

roi-orni  !-iR  ir  js»-d  AS  n  .-asla  for  uerivn,;  •  e  <:r.  i:  S'y*e  -••  -  ,.■  i 


■f  hav  -  c  e  letetTrirtrc  nn  lists  o;  .‘I'.ciin;?  . 


•>.f  a  f 


of  the  liJar  surro"'  O'vtvi*;.-  i. 


•  e-T 'i  y  ,,e  .cond!  .Ion  of  i ■  ..*-niejai.der.cr  ir  .'.is  x*  .j  e-  i» 
e.f H  V  i.‘>is  '*.•  t ta I  ac‘.ou'  i.  ]•  . *3d  '>r  J-.v-atl  ••■ter  .‘cirp  ra  *  s  o*<' 

ool  Ui  ,.a  wi.vn  v.erlvi:i-  a  corse!  1  dart  1  Ucanc  a..  ‘rt  for  se/era  i-.t-rd' pei  ue  j . 
•r.i-ponat lo'-.s,  i.K.,  se-'  i,’ .ai’les  h.  'a  .  er  cocntlo  i^iiev  a-d  T'>.Ti*r 

(/■dvan-'  d  /-ccou/itlfir  ) ,  Voi.  '  ' .  .*]  to.  nhiis.ir.'j  ‘h 'ca  u  ^p'~~TX  “^'t  c 


r 


s 
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ORGAu\-Il.ATIOy  OF  Kg.>AII-DER  oy  THE  I 

The  proposed  solution  to  the  cost-allocation  problem  la  treated  la 
aereral  ata^as.  in  the  next  section  (Jectlon  II)  the  simple  system 
portrayed  la  Fleure  1  Is  discussed  and  an  alt-ebralc  solution  given.  :!ext. 

In  section  III  the  saK  proble*  Is  tr-ated  In  the  form  of  an  illustrative 
niaserlcal  exasqple  and  the  solutloi  presented,  including  a  detailing  of  the 
cfl^'xtat  lonal  steps  required  to  obtain  the  solution.  .“'Inally,  in  'action  Ti 
the  case  where  there  are  a  support  activities  and  n  end  product 

activities  is  considered  and  an  algebraic  solution  given. 


1 


li,  5<:)U;riuf,  ..t  j-  i.viti  .vLLyLu  ikOliyXfLf  « 


>Ys:ii-« 


fE  V.ilVUTiES 


.- V/'  -t' 


In  -tiis  art;tioa  tlitf  5i»p!f-  system  illuSlraled  in  Figure  1  .>i  SectiC'i  I 
;$  <'o»i* iftf  red  Sod  an  ^itjoLriitc  sciutinu  lifyrlojxvJ^  FVjr  fionveuieoi'e  of  pT»»5en» 
tatSod  tbr-  system  Is  rtpradwced  a're-  as  Fi<,i!re  2.wl»b  iLc  sy  Inclua^'d  in  t^e 


■Jiacr  jffl. 


u 


•^.  >■  - 


•  ost  '  in  rioUor:^  t  r  activity  ;  for  ibe 
*  -~i»-niin9  period  o»>;f  tonsiderat ior.. 

the  f;uctl»j  .’if- tH»‘^e¥l<>ri  ot  activity  j  eaiiimjiev’ 
to  Bavf  gone  to  iHdtiv ity  i  during  tht>  period  uniie 
''onsiderutio*:.  l.'L 


Ae  previously  pointed  out,  the  Sj^j  nriiat  be  Icncwn  hef orebaud ;  i.e.  . 
they  are  tr-rated  as  ’’feiven  data."  Recalling  that  for  fixed  J  the  suraned 
on  1  equals  unity,  we  write  down  the  following  eqmtlons  for  the  support 
activities: 


(1) 

1  : 

y-c 

or  rewriting. 

(l-ll)  - 

■  ^31  ' 

*4l  ♦  “',1 

(2)  -812  ♦ 

vi-S22>  •  3^2  • 

1 

1 

*23  *  (1"*33)  ■ 

343  ♦  S.3 

;,ow  suppose  we  Introduce  a  rjum-er  aKj,  (J  ■  1,2.3),  defined  at  the 
fraction  of  support  activity  j  going  to  end  prod)ict  activity  '♦  .  \’c  can 

then  write  down  a  systea  of  equations  to  be  solved  for  values  of  the 
(3)  S  ■  SI4 

where  S  la  the  matrix  of  a^*  on  the  left  side  of  equations  (2);  is  a 
eolm  vector  with  elaaanta  \i»2>  \u3*  •“*  •  coluen  vector 

with  cleaenta  aj^j^,  m^^2,  and  a^j.  Solving  (3)  for  \u  we  get 

\u  « 

where  S~^  la  the  inverae  of  the  eatrlx  3. 

The  aolution  (k)  glvea  the  fractions  of  the  efforts  of  support 
aetlvltles  1,  2,  and  3  solag  to  end  proditct  activity  4,  after  taking  into 
aceouat  the  interdapendence  aaong  the  s^;vport  activities.  The  aajor 
aasw^tlea  lovolved  here  la  that  the  Interdependence  aaong  the  support 
activities  aay  he  refreeented  by  the  ayatea  of  linear  expiations  (3)« 
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The  fractions  of  the  efforts  of  8uppo3rfc  aotivities  1,  2,  and  3  devoted 
to  end  product  activity  5  ®ay  be  deteimined  in  the  name  juanner  as  for 
activity  4.  In  this  case  we  have 


(  5  )  Z  S  ^  0 

Kotice  that  S“^  In  equation  (5)  la  the  same  as  in  (4).  Thus,  the  S 
matrix  is  the  same  in  both  cases,  smd  only  one  matrix  need  be  inverted. 
Furthexmiore,  if  in  fut\ire  accounting  periods  the  Sji^j  are  found  to  be  essen¬ 
tially  the  same  as  in  the  current  period,  the  same  V’s  may  be  used  to  make 
cost  allocations  in  future  periods.  In  other  words  so  long  as  the  Sj^^  do 
not  change,  the  ^  'a  may  be  used  over  and  over  again,  thus  malting  the  com¬ 
putational  task  a  very  siEgjle  one.  5 

Having  solved  for  Xj^  and  X5,  and  then  taking  the  dollar  costs  (from 
the  accounting  records)  for  the  various  activities  under  consideration,  we 
can  ccmq)ute  the  cost  allocations  to  activities  4  and  5  as  follows: 

Activity  4  To  Activity  5 


(6) 


X3_  « 
^^2  = 


X41  f 


at  'X43  ^3  ^ 


X51 
X52  Xg 
>53  b 


H  •  E  ’'J  * 


JbI 


Jnl 


5  There  is  also  another  possibility.  If  the  s^j  (1,  J  si,  2,  3)  do 
not  change  in  future  periods  but  the  (i  s  4,5;  j  s  1,2,  3)  ^  change, 

then  the  V's  will  have  to  be  recoo5)Uted.  But  this  will  not  involve  much 
effort  because  the  S"^  matrix  will  not  have  changed.  It  Is  only  when  the 
Sij  (1,  J  B  1,  2,  3)  change  that  one  has  to  start  all  over  again. 
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Equfttiona  (6)  give  the  final  results,  Ihe  allocation  of  1-^  to  the  end 
product  actlTltiee  4  and  5^  after  taking  into  account  "interactivity  flows" 
among  the  support  activities,  is  given  by  the  first  equation  in  (6).  The 
allocation  of  Xg  and  is  similarly  given  by  the  second  and  third  equatlona 
respectively  in  (6);  and  the  allocation  of  the  total  of  the  support  actlylty 
costs  to  the  end  product  activities  Is  given  by 


Xj  and 


jal 


The  grand  total  of  the  costs  of  each  of  the  end  product  activities  is 
obtained  aa  follows: 


Activity 

Activity  5 

Allocated  support 
costs 

^  \lt,  X, 

/_  i  J 

jsl 

r^5jxj 

Jel 

"Direct"  coat 

XU 

Total 

3  , 

XU  i  Xj 

3 

X5  1  ^  X5j  Xj 

jsl 

A  numerical  oxau^)!®  of  the  technique  is  presented  in  the  next  section 


of  the  paper. 
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III.  HUMERICAL  EXAMPLE  OF  A  SYSTOI 
IWOLVIM?  FITE  ACTIVITIES 

Hie  pui*po®e  of  thlo  section  is  to  give  a  numerical  illustrative  example 
of  the  system  diagramed  in  Figure  2  of  Section  11.  All  con^utational  steps 
required  to  obtain  the  final  coat  allocations  are  shown  in  chronological  order. 
Assume  the  following  sets  of  (hypothetical)  given  data: 

z  $200  Xg  s  $900  X3  B  $700 

Xj^  s'  $300  X5  «  $1^00 


®11  " 

.06 

®12  “ 

.15 

®13  ® 

.li 

^21* 

.3 

822  e 

.05 

®23  = 

.26 

®31  “ 

.14 

832  s 

.4 

S33  = 

.04 

®4l  = 

.3 

842  s 

.1 

343  « 

®51  ® 

♦  2 

832  ® 

.3 

S53  «  ^ 

.1 

m  1.00  SSj_2  s  1.00  5  1.00 

Step  1.  Compute  the  allocation  of  the  individual  activity  costs  (the  X^) 


on  the  basis  of  the 
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V 


From  the  given  s^j  ve  form  the  s  matrix: 


.94 

-.30 

-.14 

-.15 

^.95 

-.40 

1 

0 

-.26 

+  .96 

Then  for  (j  a  2,  3),  we  have  the  following  ayatem  of  equations 
(corresponding  to  (3)  in  Seat ion  II): 

.9^X41  -  .30X42  -  •1^^'43  w  .3 

-.15X  42  f  .95A  42  -^.^0X43  “ 

\  \ 

hi  “  42  f  .96A  43  N  .2 

Solving  this  set  of  simultaneous  equations  for  the  the  results  are: 

X  4l  a  .5338 

X  42  *  .hl86 

^  43  “  • 5hhl 

Similarly  for  ^  we  have 

.94X^2  -  *30X^2  -  -ihX^^  g  .2 
-.15X^2  *95X^2  “  ’^*■^^53  s  *3 

-.hoX^2  "  -26X^2  +  .96  X^^  g  .1^ 

and  solving  for  the  X 'a,  the  results  are: 

X  52  =  .4662 
X  52  o  • 5814 
X  53  s  .4559 

The©  to  get  the  numerical  values  of  the  cost  allocations  for  the  given 
data  assumed  In  this  Illustrative  problem,  ve  compute: 


Xj  s  $200  -  .5339  (200)  +  .h662  (200). 

Xg  «  900  .  .4186  (900)  +  .5814  (900) 

X3  s  700  s  .5441  (700)  +  .4559  (700)  i 

1 

or, 

2  $200  s  $106.76  +  $  93,24 

Xg  =  900  8  376.74  *  523.26 

X3  s  700  t:  390.87  +  319.13 

e:^  f  1800  8  864.37  *  935.63 

j 

This  gives  the  final  allocations  of  the  cost  of  the  support  activities 
to  the  end  product  activities,  after  taking  into  accounting  the  interdependence 
of  the  support  activities.  { 

To  get  the  total  cost  of  the  end  product  activities,  ve  take  the  allocatioiks 


of  support  coats  derived  above  and  add  the  "direct" 

cost  of  the  end  product 

activities  (X|^^  and  X^): 

Activity 

No.  4 

Activity 

No.  5 

Total 

Allocated  "support"  coat 

$  864 

$  936 

$1,800 

"Direct"  cost 

300 

400 

700 

Total 

$l,l64 

$1;336 

$2,500 

This  final  result  gives  the  oon^lete  "slice"  of  operating  cost  for  each  of 
th®  sad  product  activities. 
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IV.  THE  GENERALIZED  CASE 


In  the  preceding  sections  of  this  paper,  only,  a  very  slE^le  system 
vas  considered.  This  was  done  deliberately  in  order  to  simplify  the  exposi¬ 
tion  and  to  concentrate  on  the  basic  ideas  of  the  cost  allocation  model. 

Generalisation  of  the  technique  is  stralghtfoivard.  In  this  section  a 
brief  outline  of  the  generalized  case  is  given. 

For  the  general  case  we  assume  m  support  activities  and  n  end  product 
activities.  Thus  ve  have  support  activities  1,  2,  3,  and  end 

product  activities  la  t-  1,  m  +■  2,  . . . ,  m  +  n. 

Using  the  same  notation  as  that  used  in  previous  sections,  the  required 
given  data  are  Xg,  ...,  X^;  and 


1  B  1,  2,  mj  mfl,  ...,  m+n 

J  B  1,  2,  . . » ,  m 


The  3  mtrLx  is  the  mxm  square  matrix; 


(1  -  8-1 1 ) 


'21  • • * 


(l  ^  ®?p) 


ij  ”  ®3ja  *  ®2m  ’  ^ms)\\ 

H  ’ 

We  then  introduce  the  number  \  defined  as  the  fraction  of  support 

activity  J  going  to  end  product  activity  m  +  k.  To  obtain  the  values  of  \ 
for  the  (ffi+k)  "  end  product  activity,  we  solve  the  system  of  equations 

®^ra+k  “  ®mfk, 
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where  S  is  the  matrljc  defined  above;  A  is  a  colvinin  vector  with  elements 
\Bitk,  1>  \ra+k,  2/  m^-k,  m>  ®m+k  ^  column  vector  with  elements 

®m+k,  1>  ®m+k^  2>  ®m+k,  m“  solution  is^  of  course, 

ia4*k  -  ^  ®mfk-» 

where  3"“^  denotes  the  inverse  of  the  mxm  matrix  S. 

The  allocations  of  support  costs  to  the  end  product  activities  m+1, 
ra<>2,  m+n,  may  then  be  confuted  as  follows: 


\  ^  ^  rafl,  1  ^1  ^  m4-2,  1  X]_  4«...  +  X  ia4,n,  1  Xj 

^2  s  \  mfl,  2  ^2  +  X  m+2,  2  ^2  ^'  *  *  ■*■  X  m+n,  2  ^2 


It  la  evident  from  the  above  presentation  that  the  only  conrput/ational 
problem  of  any  consequence  arises  at  the  point  of  inverting  the  S  matrix. 

Ihis,  however,  is  not  apt  to  be  very  formidable  in  a  practical  application. 
Probably  in  most  applications,  the  order  of  the  S  matrix  would  not  exceed 
15  or  20.  Inversion  of  a  2C6i20  matrix  is  not  a  major  problem  for  any 
reasonably  well  equipped  IBM  im  tallation. 

Furthermore,  approximation  devices  may  be  used.  For  example  the  inverse 
of  an  I-S  matrix  like  the  one  given  on  page  l4  may  be  approximated  by 
the  matrix  I+S.  implying  this  method  to  the  illustrative  exaiigjle  of  Section  III, 


the  results  are  1643  and  $957. as  the  support  costs  alloeatted  to. activities 

^“*1  ■  *  ^ 

4  and  5  respectively,  as  ecaapared  vith  the  "exact"  values  $864  and  $936* 


6  The  author  is  Indebted  to  Dr.  Walter  Jacobs  of  the  Confutation  Division, 
Directorate  of  Management  Analysis,  DCS/C,  HqUSAF  for  pointing  out  this 
approximation  method  and  for  malting  the  computation  for  the  numerical 
example.  , 


